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(57) ABSTRACT 

An object of a high-frequency thawing apparatus is to 
uniformly thaw an entirety of an article with high efficiency 
and high-speed, particularly an article having a relatively 
large thickness. The apparatus is So constructed that a 
high-frequency power from a high-frequency generating 
circuit is Supplied to a pair of opposing electrodes by way of 
an impedance matching circuit including a transformer to 
thaw an article (F) which is carried in between the opposing 
electrode pair by dielectric heating. The impedance match 
ing circuit includes an electrostatic capacitor Section (C) and 
an inductance Section (L). A conductor each constituting the 
inductance Section (L) has such a length that the 
downstream-located conductor with respect to the transport 
direction of a conveyor is longer than the upstream-located 
conductor. 

11 Claims, 7 Drawing Sheets 
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FIG.4 
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FIG.6 
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HIGH-FREQUENCY THAWINGAPPARATUS 

BACKGROUND ART 

This invention relates to a high-frequency thawing appa 
ratus for Supplying a high-frequency power to a pair of 
opposing electrodes to thaw an article Such as a frozen food 
carried in between the electrodes by dielectric heating. 

Japanese Examined Patent Publication Nos. 51-15100 and 
55-46152, for example, propose a high-frequency thawing 
apparatus in which a group of frozen articles to be thawed 
(hereinafter, merely referred to as “article') are serially 
carried on a conveyor and introduced into an electric field 
generated by application of a high frequency to a pair of 
opposing electrodes while passing therebetween, thereby 
being thawed one after another. 

The conventional thawing apparatuses has Such an 
arrangement that a signal of a high frequency from a high 
frequency generating circuit is power-amplified by a trans 
former and the amplified Voltage is Supplied to one of the 
pair of electrodes (namely, the high-voltage electrode) for 
high-voltage application to generate a high frequency elec 
tric field between the high-voltage electrode and the other 
one of the electrodes which is connected to the ground 
(namely, ground electrode). The article interposed between 
the high-voltage electrode and the ground electrode is heated 
by dielectric loss. 

Generally, the dielectric constant of the article rises as the 
thawing is carried on. Namely, the dielectric heating causes 
an impedance change on time-basis. Accordingly, it is 
necessary to vary a high-frequency power to be Supplied to 
the article as the thawed State of the article, which is a load 
in the high-frequency power generating circuit, Varies 
(namely, a matching control of the high-frequency power is 
necessary). Particularly, since the dielectric constant greatly 
differs between ice and water, the following problem occurs 
in the case where the article is expected to be heated up to 
a temperature around 0° C. after thawing. The amount of 
water that has been contained in the article in a Super-cooled 
State changes as the article is heated and, accordingly, the 
above matching control of the high-frequency power Supply 
in the high-frequency thawing apparatus is extremely diffi 
cult. It has been practically impossible to uniformly heat a 
plurality of frozen articles while Serially conveyed by using 
a pair of electrodes or a single power generating device. 

In the case where a thick block of article is thawed by heat 
with use of the thus constructed conventional thawing 
apparatus, a portion of the article adjoining the high-voltage 
electrode is apt to be more heated than a portion opposite 
and away from the high-voltage electrode. Thus, heated State 
differs portion by portion of the article, thereby making it 
difficult to uniformly thaw the article. 

Further, in the case of transporting the article on the 
conveyor, it is required to finalize thawing of the article by 
dielectric heating before the instant article completely passes 
the Space in between the pair of electrodes. This requires to 
Set the high-frequency power at a relatively high level. 
Consequently, there is a possibility that conspicuous is a 
So-called "edge effect' due to the electric field generation in 
which an edge of the article is apt to be more heated than the 
other part of the article, thereby resulting in a non-uniform 
thawed State between inner part and outer part of the article. 

DISCLOSURE OF THE INVENTION 

This invention has been invented to solve the above 
problems residing in the prior art. It is an object of this 
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invention to provide a high-frequency thawing apparatus in 
which a group of articles are Sequentially transported on a 
conveyor to thaw the articles one after another. The appa 
ratus is provided with a plurality of pairs of electrodes 
arrayed in a thawing chamber which also functions as an 
electromagnetic Shield to uniformly thaw the article with 
heat in accordance with a change of the dielectric constant 
of the article. 

According to an aspect of this invention, a high-frequency 
thawing apparatus comprises: a conveyor unit for transport 
ing an article to be thawed in a predetermined direction; a 
thawing chamber in which at least part of the conveyor unit 
over which the article is to be transported is encased; a 
plurality of opposing pairs of electrodes, each electrode pair 
arrayed Side by Side in the transport direction of the con 
veyor unit apart at a certain interval in the thawing chamber; 
a plurality of high-frequency power generating circuits 
provided in correspondence to the plurality of electrode 
pairs to generate a high-frequency field in between each pair 
of the electrodes, and a plurality of impedance matching 
circuits provided between the respective high-frequency 
power generating circuits and conductors (sic), each imped 
ance matching circuit including a conductor with an induc 
tance different to each other. 

In the above arrangement, the length of at least one of the 
conductors provided downstream from the other conductor 
with respect to the transport direction of the conveyor unit 
may be longer than that of the other conductor. 

Three pairs of the opposing electrodes may be provided, 
and the respective conductors corresponding to the three 
pairs of electrodes may have different lengths to one another. 

Alternatively, three pairs of the opposing electrodes may 
be provided, and the length of the conductor corresponding 
to the most downstream-located electrode pair with respect 
to the transport direction of the conveyor unit may be Set 
longer than that of the other two conductors. 

Further, the opposing electrode pairs may be arranged 
Such that the distance between the corresponding electrodes 
of the adjacent electrode pairs is longer than that between the 
opposing electrode pair. 
The high-frequency thawing apparatus may further com 

prise a plurality of elevating units each adapted for moving 
at least one of the corresponding electrode pair up and down. 
The transport Speed of the conveyor unit may be set 

variable. 
Further, each of the high-frequency power Supply devices 

(sic) may be intermittently driven. 
The intermittent driving may be So controlled as to change 

at least one of a drive period and a pause period for each of 
the high-frequency power generating circuits. 

Also, a circuit on a load Side where a high-frequency 
power is to be Supplied including the opposing electrode pair 
may have a balance circuitry configuration. 

Alternatively, a circuit on a load Side where a high 
frequency power is to be Supplied including the opposing 
electrode pair may have an unbalance circuitry configura 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of a high-frequency thawing 
apparatus according to this invention; 

FIG. 2 is a partially broken front view of the high 
frequency thawing apparatus as an embodiment of this 
invention; 

FIG. 3 is a plan view of the high-frequency thawing 
apparatus as the embodiment; 
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FIG. 4 is a side view of the high-frequency thawing 
apparatus as the embodiment; 

FIG. 5 is a perspective view showing a configuration of a 
conductor connecting a high-frequency generating circuit 
and an upper electrode of the high-frequency thawing appa 
ratus, 

FIG. 6 is a perspective view showing a positional relation 
among an article, a pair of opposing electrodes and an 
endless belt; 

FIG. 7 is a cross-sectional view taken along the line 7-7 
in FIG. 6; and 

FIG. 8 is a diagram of a modified construction of the pair 
of opposing electrodes. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

A high-frequency thawing apparatus embodying the 
present invention is described with reference to FIGS. 2 to 
4. FIG. 2 is a partially broken front view, FIG. 3 is a plan 
View, and FIG. 4 is a Side view of the thawing apparatus. 

The thawing apparatus comprises a thawing chamber 30 
formed with an inlet 31 and an outlet 32 each opposing a 
wall thereof, a conveyor unit 40 which circulates in the 
thawing chamber 30 to transport an article to be thawed 
(hereinafter, merely referred to as “article') from the inlet 31 
toward the outlet 32, and three Sets of high-frequency power 
supply devices 5,6,7 disposed in this order from the inlet in 
the transport direction of the conveyor unit 40. The thawing 
chamber 30 is formed with an inner space (interior) 33 
having a Substantially rectangular shape in Vertical and 
transverse croSS Section. The walls of the thawing chamber 
30 function as an electromagnetic shield. One of the walls 
(front wall in FIG. 2) of the thawing chamber 30 is formed 
with a window 36 each opposing the high-frequency power 
supply device 5 (6, 7) through which an operator can 
monitor the State of the article being thawed in the interior 
33. 

The conveyor unit 40 has an endless belt 41, inverting 
rollers 42 and 43 respectively provided near the inlet 31 and 
outlet 32 to invert the moving direction of the endless belt 
41, a certain number of guide rollers 44 to apply a certain 
tension force to the endless belt 41, a drive motor 45 for 
generating a driving force to circulate the endless belt 41 at 
a given Speed, and a Synchronous belt 46 to transmit the 
driving force of the drive motor 45 to the inverting roller 43. 
Some of the guide rollers 44 are provided below a lower 

half part of the conveyor unit 40. Rendering the guide rollers 
44 alternately in contact with an upper and a lower Surface 
of the endless belt 41 enables to eliminate a flexure of the 
endless belt 41 so as to prevent idle rotation of the guide 
rollers 44 with respect to the endless belt 41. This arrange 
ment Securely transports the article placed on the endleSS 
belt 41 at a constant Speed. 

The endless belt 41 is made of a material having such a 
strength as to eliminate downward flexure of the endless belt 
41, e.g., made of a teflon material. AS described later, the 
endless belt 41 has a certain width to Securely carry an 
article having certain dimensions. The Surface of the endleSS 
belt 41 may be flat or formed into a mesh. The latter 
arrangement Simplifies the construction for introducing cool 
air in order to cool the interior 33 of the thawing chamber 30. 
As an altered form of the endless belt 41, there may be 

used a So-called "timing belt' in which a Series of projec 
tions and recesses are alternately formed at a certain pitch on 
the backside Surface of the endless belt 41. In the case where 
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the endless belt 41 is formed of a timing belt, a series of 
projections and recesses engageable with the respective 
recesses and projections of the backside Surface of the 
endless belt 41 are formed on the outer circumference of the 
inverting rollers 42, 43 and guide rollers 44. This arrange 
ment makes it possible to Synchronize the transport Speed of 
the endless belt 41 with the rotating speed of the inverting 
roller 43 so as to transport the article without an idle stay on 
the endless belt 41. 

Alternatively, the endless belt 41 may be formed with 
perforations at a certain interval near opposite lateral ends 
thereof along the transport direction of the article, and the 
outer circumference of the inverting rollers 42, 43 may be 
formed with a Sprocket (radial projections) engageable with 
the perforations of the endless belt 41. Similar to the above 
arrangement where a timing belt is provided, this arrange 
ment also enables to Synchronize the transport Speed of the 
endless belt 41 with the rotating speed of the inverting roller 
43 to transport the article at a constant speed without an idle 
stay on the endless belt 41. 
The arrangement of the conveyor unit 40 is not limited to 

the one shown in the above where the endless belt 41 is 
employed, but may be in the form of a roller conveyor in 
which a number of rollers are arrayed at a certain interval 
with a rotary axis thereof aligned in a horizontal direction to 
transport the article over the outer circumference thereof, or 
a crawler conveyor in which trains of flat plates with a 
relatively short length in a direction orthogonal to the 
transport direction of the conveyor unit 40 are linked to one 
another via a linking rod to define an endless track. 

Further, a cleaning device may be provided and So con 
Structed as to eject a stream of water onto the endless belt 41 
when the part of the endless belt 41 which has carried the 
article circulatively reaches the lower half part of the con 
veyor unit 40 to clean the possibly stained part of the endless 
belt 41. 
The high-frequency power supply devices 5, 6, 7 have 

Substantially the configuration identical to one another. AS 
depicted in FIG. 3, housing 50, 60, 70 are provided behind 
the thawing chamber 30 to house power units for the power 
supply device 5, 6, 7, respectively. As illustrated in FIG. 2, 
the power Supply devices 5, 6, 7 are respectively incorpo 
rated with elevating devices 56, 66, 76 which upwardly and 
downwardly move pairs of upper electrode 55a, 65a, 75a 
and lower electrode 55b, 65b, 75b, each pair being flat and 
disposed in a face-to-face manner. A high-frequency power 
is supplied from the power unit in the housing 50 (60, 70) 
to the upper electrode 55a (65a, 75a) and lower electrode 
55b (65b, 75b). 
The lower electrode 55b (65b, 75b) is securely supported 

by a certain number of insulating supports 155b (165b, 
175b) downwardly standing from the bottom surface thereof 
So as to lie horizontal relative to a lower frame 35 of the 
thawing chamber 30 or its equivalent. The middle one of the 
supports 155b (165b, 175b) has, for example, a tubular 
shape. Providing an electric wire in the middle tubular 
support 155b (165b, 175b) enables to supply a high 
frequency power to the lower electrode 55b (65b, 75b). 
Alternatively, an electric wire may be So provided as to be 
substantially parallel with the support(s) 155b (165b, 175b). 
The upper electrode 55a (65a, 75a) is connected to a 

support plate 56e (66e, 76e) of the elevating device 56 (66, 
76) via a certain number of insulating supports 155a (165a, 
175a) upwardly standing from the upper surface thereof. A 
conductor 57 (67, 77) is provided in a space defined by the 
upper electrode 55a (65a, 75a) and the insulating supports 



US 6,247,395 B1 
S 

155a (165a, 175a) to supply a high-frequency power from 
the power unit 50 (60,70) of the power supply device 5 (6, 
7) to the upper electrode 55a (65a, 75a). Each conductor 57 
(67, 77) has a plate-like shape to constitute an inductance 
Section L of an impedance matching circuit, which is 
described later. 

The height of connecting parts 57a, 67a, 77a of the 
conductors 57, 67, 77 connected to the respective upper 
electrodes 55a, 65a, 75a is differentiated in Such a manner 
that the conductor located upstream (sic) with respect to the 
transport direction of the conveyor unit 40 has a longer 
length than the one located downstream (sic), namely, the 
length of the conductors 57, 67, 77 is such that the length of 
the conductor 77 is longer than that of the conductor 67 and 
that the length of the conductor 67 is longer than that of the 
conductor 57. This arrangement increases the inductance of 
the conductors 57, 67, 77 as the article is transported from 
upstream to downstream. Accordingly, the matching control 
of impedance is effected by an impedance matching circuit 
53 (63, 73) including the conductor 57 (67, 77) in such a 
manner as to take measures to an undesirable impedance 
change of the load (article) in the high-frequency generating 
circuit 52 (62, 72) resulting from rise of the dielectric 
constant of the article F due to progreSS of the thawing as the 
article F is transported downstream. Consequently, mini 
mized is a loSS of the high-frequency power which is 
equivalently supplied to the conductor 57 (67, 77), and a 
group of articles F can be serially and uniformly thawed by 
heat. 
The elevating device (56, 66, 76) is mounted on an upper 

frame 34 of the thawing chamber 30, and comprises an 
elevating motor 56a (66a, 76a), a pair of left and right worm 
gears 56c (66c, 76c) which convert a rotating movement of 
an output shaft 56b (66b, 76b) of the elevating motor 56a 
(66a, 76a) into a linear motion, and a pair of elevating shafts 
56d (66d, 76d) each of which is meshed with the output shaft 
56b (66b, 76b) by way of the corresponding worm gear 56c 
(66c, 76c) and has a lower end connected to a Support plate 
56e (66e, 76e). When the elevating motor 56a (66a, 76a) is 
driven, the height of the upper electrode 55a (65a, 75a) 
relative to the upper frame 34 is changed in accordance with 
the rotating amount and direction of the motor, thereby 
causing the upper electrode 55a (65a, 75a) to move upward 
or downward while maintaining its horizontal posture. 

It should be appreciated that the upper electrode 55a (65a, 
75a) and the corresponding lower electrode 55b (65b, 75b) 
are not necessarily driven with the same phase. The power 
Supplied to each pair of upper and lower electrodes may be 
differentiated or the phase during an intermittent driving 
may be differentiated. Further, it should be noted that the 
electric field generated between the upper electrode 55a 
(65a, 75a) and lower electrode 55b (65b, 75b) may affect the 
outside of the electrode, not to mention the Space between 
the opposing electrode pair. Accordingly, it is preferable to 
Set the distance between the adjacent upper electrodes 55a 
and 65a (lower electrodes 55b and 65b) and the distance 
between the adjacent upper electrodes 65a and 75a (lower 
electrodes 65b and 75b) at about the same distance as or 
greater than the distance between the opposing electrode 
pair 55a and 55b (65a and 65b, 75a and 75b). Specifically, 
in the case where the distance between the upper electrode 
55a (65a, 75a) and the opposing lower electrode 55b (65b, 
75b) is 250 mm, it is preferable to set the distance between 
the upper electrodes 55a and 65a (65a and 75a) and the 
lower electrodes 55b and 65b (65b and 75b) between 400 
and 600 mm. Generally, it is preferable to set the distance 
between the adjacent pairs of electrodes at about 1.5 to 2.5 
times as wide as the distance between the opposing pairs of 
electrodes. 
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FIG. 6 is a perspective view showing a positional relation 

among the article FSuch as a frozen food, each pair of upper 
and lower electrodes 55a and 55b (65a and 65b, 75a and 
75b), and endless belt 41. FIG. 7 is a 7-7 cross-sectional 
view of FIG. 6. 

The article F placed on the endless belt 41 is transported 
by the moving endless belt 41 and applied with a high 
frequency power only for a period while passing through the 
electric field of high-frequency defined by the opposing 
pairs of upper and lower electrodes 55a and 55b, 65a and 
65b, and 75a and 75b, thereby being thawed with heat. 

Setting the width and length of the electrodes 55a, 55b, 
65a, 65b, 75a, 75b greater than the corresponding width and 
length of the article F enables to uniformly distribute the 
generation of electric field throughout the article F. In 
particular, it may be preferable to Set the length of the 
electrode with respect to the transport direction of the 
conveyor unit 40 Several times as long as the corresponding 
length of the article FSO as to enable Simultaneous thawing 
of a group of articles carried Sequentially. 
As depicted in FIG. 7, the endless belt 41 slides over the 

upper surface of the lower electrodes 55b, 65b, 75b. A 
synthetic resin film 58 made of, for example, polytetrafluo 
roethylene (PTFE), polypropylene (PP), or polyethylene 
(PE) is provided between the endless belt 41 and the lower 
electrode 55b (65b, 75b) to reduce the friction caused 
therebetween. The resin film 58 not only functions as a 
friction reducer that reduces the friction between the endless 
belt 41 and the lower electrode 55b (65b, 75b) but also as a 
tray which receives drips of liquid Such as water from the 
article F. In consideration of the latter function, it may be 
preferable to provide the resin film 58 in such a manner as 
to cover an entire track along which the article F is Supposed 
to be transported including a region between the adjacent 
lower electrodes 55b and 65b, and 65b and 75b. Use of the 
resin film 58 in the form of a continuous sheet enables to 
prevent occurrence of a short circuit and Stains which may 
result from adhesion of drips from the article F onto the 
lower electrode 55b, 65b, or 75b. Also, the continuous sheet 
form of resin film 58 facilitates exchange of the resin film 
with a new one when the instant resin film is Stained. 

In general, it may be preferable to reduce the distance 
between the upper Surface of the article F and the upper 
electrode 55a (65a, 75a) and the distance between the 
bottom Surface of the article F and the lower electrode 55b 
(65b, 75b) respectively in order to efficiently thaw the article 
F. In the case where the Surface of the article F is non-flat 
(namely, protrusion and recess are formed on the Surface), 
however, reducing the distance between the upper Surface of 
the article F and the upper electrode 55a (65a, 75a), for 
example, may undesirably increase the ratio of the distance 
between the electrode and protrusion on the Surface of the 
article F to the distance between the electrode and receSS on 
the surface of the article F, thereby obstructing uniform 
thawing of the article F with a resultant temperature varia 
tion between the protrusion and receSS of the article F. 

In order to eliminate the above problem, it may be 
preferable to drive the elevating device 56 (66,76) to adjust 
the distance between the upper Surface of the article F and 
the upper electrode 55a (65a, 75a) and the distance between 
the bottom Surface of the article F and the lower electrode 
55b (65b, 75b) in accordance with the protruded and 
recessed State of the article F. In the case where the variation 
of the protrusion and receSS on the article Surface is rela 
tively Small, reducing the distance between the upper Surface 
of the article F and the upper electrode 55a (65a, 75a) or the 
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distance between the bottom Surface of the article F and the 
lower electrode 55b (65b, 75b) may be acceptable for 
efficient thawing. However, in the case where the variation 
of the protrusion and receSS on the article Surface is rela 
tively great, it may be preferable to widen the distance 
between the upper Surface of the article F and the upper 
electrode 55a (65a, 75a) or the distance between the bottom 
surface of the article F and the lower electrode 55b (65b, 
75b) for uniform thawing. 
As shown in FIG. 7, in this embodiment, the endless belt 

41 is so constructed as to slide over the lower electrodes 55b, 
65b, 75b with the resin film interposed in between. The 
distance between the upper Surface of the lower electrodes 
55b, 65b, 75b and the bottom surface of the article F is fixed. 
The Substantial distance between the lower electrode 55b 
(65b, 75b) and the bottom surface of the article F, however, 
becomes wider than what is determined as the distance 
between these elements due to the existence of the endleSS 
belt 41 and the resin film 58 (68, 78) which is interposed 
between the lower electrode 55b (65b, 75b) and the bottom 
Surface of the article F. This arrangement does not involve 
any Specific problem and rather contributes to Suppressing 
the variation of thawed state in the vicinity of the bottom 
portion of the article F as relatively Small as possible despite 
the fixed distance between the lower electrode 55b (65b, 
75b) and the bottom surface of the article F. 

Next, a modified embodiment of the upper electrodes 55a, 
65a, 75a is shown in FIG.8. In this modification, the entirety 
of the upper electrodes 55a, 65a, 75a is so tilted as to 
Sequentially shorten the distance between the opposing pair 
of electrodes from upstream toward downstream with 
respect to the transport direction of the conveyor unit 40, 
namely, throughout the inlet portion to the outlet portion of 
the thawing chamber 30. 
As the article F is being carried over the endless belt 41 

of the conveyor unit 40 from the upstream-located electrode 
pair 55a and 55b to the electrode pair 65a and 65b, and then 
to the downstream-located electrode pair 75a and 75b, 
thawing is gradually proceeded and, thus, the impedance of 
the load is changed as the thawing is progressed. The lower 
the temperature of the article F is, the lower the impedance 
of the load is, and as the thawing is progressed, the imped 
ance gradually rises. FIG. 8 shows an arrangement of the 
opposing electrode pairS Such that the distance between the 
opposing electrode pair is gradually decreased from 
upstream to downstream with respect to the transport direc 
tion of the conveyor unit 40 in such a manner that the 
distance between the electrode pair 65a and 65b is shorter 
than that between the electrode pair 55a and 55b, and the 
distance between the electrode pair 75a and 75b is shorter 
than that between the electrode pair 65a and 65b. In this 
way, the impedance matching is effected following the 
impedance change of the load. This arrangement enables to 
allow the article F to be subjected to the effect of electric 
field with Substantially the same intensity while passing 
through the Space defined by the opposing electrode pairs 
55a and 55b, 65a and 65b, and 75a and 75b one after 
another, whereby the article F is uniformly thawed. 
The three upper electrodes 55a, 65a, 75a may be tilted 

Substantially at the same inclination 0. Alternatively, the 
inclination 0 may be varied one from another among these 
three upper electrodes in accordance with a change of the 
temperature rise ratio of the article F. As an altered form, the 
first-stage upper electrode (upper electrode 55a) and the 
Second-stage upper electrode (upper electrode 65a) may be 
disposed in parallel with the corresponding lower electrodes 
55b and 65b respectively, while the last-stage upper elec 

15 

25 

35 

40 

45 

50 

55 

60 

65 

8 
trode (upper electrode 75a) may be tilted at a certain 
inclination with respect to the lower electrode 75b. 

Next, a circuit configuration of the thus constructed 
high-frequency thawing apparatus of this invention is 
described with reference to FIG. 1. Reference numeral 1 is 
a control circuit that centrally controls operations of the 
high-frequency thawing apparatus. Reference numeral 2 is 
an operation Section by way of which operational data 
inputted by an operator is read to control driving of each 
element constituting the apparatus and power Supply of the 
high-frequency power Supply devices 5, 6, 7. The operation 
Section 2 is provided with a main Switch 2 for controlling 
Start-up and Stop of the apparatus, up-and-down Switch 2b 
for Selectively changing the rotating direction of the elevat 
ing motor 56a (66a, 76a) in forward or reverse direction, a 
Speed Setting Switch 2c for Setting the Speed at which the 
endless belt 41 is driven, a power setting switch 2d for 
designating a power level to be Supplied to the high 
frequency power Supply device 5 (6, 7) as well as an 
adjustment thereof, a thermo-control Switch 2f for control 
ling the degree of cooling air Supply into the thawing 
chamber 30 or the temperature inside the thawing chamber 
30, etc. A cooling device 3 includes an air-compressor and 
is adapted to blow chilled air at a temperature of a few 
degrees minus ten to minus few degrees in Celcius onto the 
article F being carried on the endless belt 41 of the conveyor 
unit 40. 
AS described above, the high-frequency power Supply 

device 5 (6, 7) is designed to Supply a high-frequency power 
to the opposing pair of upper and lower electrodes 55 and 
55b (65a and 65b, 75a and 75b). The construction of the 
high-frequency power Supply devices 5, 6, 7 is Substantially 
identical to one another. As an example, the high-frequency 
power supply device 5 (6, 7) comprises a power circuit 51 
(61, 71) for converting a power of 220V for commercial use 
into a certain level of direct-current power, a high-frequency 
power generating circuit 52 (62, 72) for generating a certain 
level of high-frequency energy, an impedance matching 
circuit 53 (63, 73) for matching control of the high 
frequency power generating circuit 52 (62, 72) with the load 
(impedance of the article F), and a transformer 54 (64, 74) 
for amplifying the output Voltage from the high-frequency 
power generating circuit 52 (62, 72) to enable linking with 
a corresponding balance circuit on the output Side. 

Referring to each of the transformers 54, 64, 74, a coil L1 
located on the input Side is connected to the ground at one 
end thereof. On the other hand, one end of a coil L2 located 
on the loadside is connected to the upper electrode 55a (65a, 
75), whereas the opposite end of the coil L2 is connected to 
the lower electrode 55b (65b, 75b). In this embodiment, a 
balance circuitry configuration is adopted as a circuit 
arrangement on the Side of the load. AS an altered form, the 
balance circuit may be So configured as to connect an 
intermediate portion of the coil L2 of the transformer 54 (64, 
74) to the ground. In the case where the high-frequency 
Signal generating circuit 52 (62, 72) constitutes a balance 
circuit by itself, the transformer is not necessary to enable 
linking with the balance circuit on the side of the load 
including the opposing pair of upper and lower electrodes 
55a and 55b (65a and 65b, 75a and 75b). 
The impedance matching circuit 53 (63, 73) includes an 

electroStatic capacitance Section C having a capacitor, and 
an inductance Section L having the aforementioned conduc 
tor 57 (67, 77). To simplify the arrangement, as an example, 
the capacitance of each electroStatic capacitance Section C is 
Set at the same value while Setting the inductance of the 
conductors 57, 67, 77 of the inductance section L at a fixed 
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value different to one another to effect the impedance 
matching. More preferably, the capacitance of the electro 
Static capacitance Section C may be varied and a load 
impedance detecting Sensor may be provided to conduct fine 
adjustment of the capacitance of the electroStatic capaci 
tance Section C in accordance with a change of the load 
impedance. Alternatively, the inductances of the inductance 
sections L of the impedance matching circuits 53, 63, 73 
may be varied one from another. 

The control circuit 1 controls the circulating Speed of the 
endless belt 41 driven by the drive motor 45 in such a 
manner that the temperature of the article F reaches a 
predetermined temperature before the article F has com 
pletely passed through the thawing chamber 30 over the 
conveyor unit 40. As an altered form, the control circuit 1 
may be designed to control the drive motor 45 to circulate 
the endless belt 41 depending on the kind and thickness of 
the article F at Such a speed that has been obtained in 
advance by experiments to find out individual optimal 
circulating Speeds by changing the kind and thickness of the 
article F. In this case, the control circuit 1 is So designed as 
to Supply an optimal level of power to the high-frequency 
power generating circuit 52 (62,72) by the power circuit 51 
(61, 71) depending on the circulating Speed of the endless 
belt 41, kind of the article F, and other parameters. In this 
way, the total amount of high-frequency energy to be 
supplied to the article F is controlled. 

The control circuit 1 individually and independently con 
trols the high-frequency power Supply devices 5, 6, 7 to 
Supply the power designated by the power Setting Switch 2d 
based on the thawing condition and the like. As an example, 
Setting the power in Such a manner as to Stepwise lessening 
the power as approaching the outlet 32 enables to accom 
plish uniform thawing of the article F despite the fact that the 
article F is increasingly thawed as approaching the outlet 32. 
Power Setting manner other than the above may also be 
applicable as far as an optimum thawed State is obtainable 
depending on the kind and thawing Stage of the article F. 
The high-frequency power supply device 5 (6, 7) may be 

driven by continuous driving in which power is continuously 
Supplied while controllably varying the Voltage or current, 
or intermittent driving in which power Supply is intermit 
tently effected while Supplying the power or current at a 
constant level. 

In the case of intermittent driving, for example, it may be 
preferable to fix either one of the drive time and pause time 
while varying the other for each of the high-frequency 
power supply devices 5, 6, 7. Alternatively, both of the drive 
time and the pause time may be varied. In the case of 
continuous driving, it may be preferable to Stepwise change 
the matching condition of the high-frequency power Supply 
devices 5, 6, 7 for overall control. 

In particular, as shown in FIG. 5, in this embodiment, the 
inductance Section L of the impedance matching circuit 53 
(63, 73) is constructed by the conductor 57 (67, 77) and a 
high-frequency power is Supplied to the upper electrode 55a 
(65a, 75a) in such a manner that each inductance is varied 
as the length of each inductance Section L changes. This 
arrangement makes it possible to use the power circuits 51, 
61, 71, and high-frequency power generating circuits 52, 62, 
72 of the same rating, respectively. 

In the case of intermittent driving, heat generated inside 
the article F during driving of the thawing apparatus propa 
gates over the entirety of the article F during the pause 
period. Accordingly, Setting the drive period and/or pause 
period at an optimal value enables to accomplish more 
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10 
uniform state of temperature distribution of the article F, 
thereby establishing more uniform thawed state of the article 
F. 

Next, a thawing operation of the article F with use of the 
thus constructed thawing apparatus in this embodiment is 
described. First, the up-and-down switch 2b is operated to 
Set the distance between the article F and the upper electrode 
55a (65a, 75a) at d1 depending on the thickness of the article 
F.Then, the Speed Setting Switch 2c is operated to control the 
drive motor 45 to set the transport speed of the endless belt 
41 of the conveyor unit 40 appropriately. The power setting 
Switch 2d is operated to Set the output power Supplied to 
each of the high-frequency power Supply devices 5, 6, 7 
appropriately. 

Subsequently, when the main Switch 2a is turned on, the 
high-frequency power Supply devices 5, 6, 7 are started-up 
to Start Supply of a certain level of power to the opposing 
pairs of upper and lower electrodes 55a and 55b, 65a and 
65b, 75a and 75b, respectively. Spontaneously, the endless 
belt 41 starts to circulate at a given Speed, and the cooling 
device 3 starts its operation. Thereafter, a group of articles 
F are placed one after another automatically or manually 
onto the endless belt 41 in a series and carried inside the 
apparatus through the inlet 31 at a certain interval. 
By the time when the first (and Subsequent) article F of the 

group of articles reaches a downstream end (sic) of the 
opposing pair of upper electrode 55a and lower electrode 
55b of the first-stage high-frequency power supply device 5 
with respect to the transport direction of the conveyor unit 
40, the article F is gradually started to be heated from a lead 
end thereof with respect to the transport direction of the 
conveyor unit 40 to thereby heat the entirety of the article F. 
The heating is continued until a tail end of the article F 
passes an upstream end (sic) of the upper and lower elec 
trodes 55a and 55b with respect to the transport direction of 
the conveyor unit 40. 

Subsequently, the article F is heated by the opposing pair 
of electrodes 65a and 65b of the second-stage high 
frequency power Supply device 6 and then by the opposing 
pair of electrodes 75a and 75b of the third-stage high 
frequency power Supply device 7, and then is discharged 
outside of the apparatus through the outlet 32. 

It may be preferable to provide a proximate Sensor near 
the upstream end and downstream end of the opposing pair 
of electrodes 55a and 55b (65a and 65b, 75a and 75b) of the 
high-frequency power supply device 5 (6, 7) to effect 
high-frequency power Supply during the time exclusively 
when the article F passes in between the opposing pair of 
electrodes 55a and 55b (65a and 65b, 75a and 75b). This 
arrangement makes it possible to Save the power corre 
sponding to the time when the power is not directly used to 
thaw the article F, thus leading to energy Saving of the 
apparatuS. 

In the case where the dimension of each article F is 
smaller than that of the electrode 55a (55b, 65a, 65b, 75a, 
75b) and is transported serially one after another at a certain 
interval on the endless belt 41 of the conveyor unit 40 in a 
State that two or more of the group of articles may exist 
Simultaneously in between the opposing pair of electrodes 
55a and 55b, (65a and 65b, and 75a and 75b), it is highly 
likely that the electric field is concentrated on the first 
carried article F, which has first passed the electric field, at 
a portion near the downstream end of the instant article F 
with respect to the transport direction of the conveyor unit 
40. Thus, the article F is excessively heated at the down 
Stream end thereof. It is highly likely that the same phe 
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nomenon occurs also in the case where the last-carried 
article of two or more of the group of articles that happen to 
exist Simultaneously in the electric field is excessively 
heated at an upstream end thereof due to concentration of the 
electric field. 

In view of the above likelihood, it may be preferable to 
provide a proximate Sensor in the vicinity of the upstream 
and downstream ends of the high-frequency power Supply 
device 5 (6, 7) with respect to the transport direction of the 
conveyor unit 40 in Such a manner that the power Supply is 
initiated when the first one of the articles has carried to a 
Substantially intermediate position of the Space defined by 
the opposing pair of electrodes 55a and 55b (65a and 65b, 
75a and 75b) with respect to the transport direction of the 
conveyor unit 40 and that the power Supply is paused when 
the last one of the articles has passed the Substantially 
intermediate position. 
Now, results of experiments in which various kinds of 

frozen articles were thawed with use of the high-frequency 
thawing apparatus of the above embodiment are shown in 
Tables 1 to 6. 

Three kinds of Samples as frozen article were prepared: A 
(beef), B (pork), and C (poultry meat). Two types of power 
Supply System were tested: unbalance power Supply System, 
and balance power Supply System. Experiment 1 was con 
ducted each with respect to the Samples A, B, and C having 
a certain size in which the Samples A, B, and C were thawed 
according to unbalance power Supply System. Likewise, 
Experiment 2 was conducted each with respect to the 
samples A, B, and C having Substantially the same size as 
that of the samples used in Experiment 1 in which the 
Samples A, B, and C were thawed according to balance 
power Supply System with the same output level as in 
Experiment 1. Various data Such as initial temperature, 
temperature after thawing, temperature rise, thawing period 
and temperature distribution were collected by conducting 
Experiments 1 and 2 each with respect to Samples A, B, and 
C. Parameters used in the above thawing tests and conditions 
thereon are described below. 

Size and Weight of Sample: 

A (Beef): 570 x 350 x 170 (mm) 27.2 kg 
B (Pork): 620 x 400 x 100 (mm) 20.0 kg 
C (Poultry): 430 x 300 x 50 (mm) 4.0 kg 
Frequency of Power: 13.56 MHz 
Power Output: 

A (Beef): 100 W/kg 
B (Pork): 120 W/kg 
C (Poultry): 250 W/kg 
Target Temperature after Thawing: 

A (Beef): -3 to -4° C. 
B (Pork): -2 to -3°C. 
C (Poultry): -1 to -2°C. 

(1) Results on Sample A (Beef): 
Table 1 shows the result of Experiment 1 in which the 

Sample A (beef) was thawed according to unbalance power 
supply system. Table 2 shows the result of Experiment 2 in 
which the sample A (beef) was thawed according to balance 
power Supply System. 
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TABLE 1. 

State of Sample A 
according to unbalance power supply system 

O (3) (3) Average 
Initial Temperature (C.) -18.5 -17.8 -18.1 -18.1 
Temperature after Thawing ( C.) -4.9 -4.4 -4.5 -4.6 
Temperature Rise (AT) 13.6 13.4 13.6 13.5 
Thawing Period (min.) 18 18 18 18 
Temperature Rise per Unit Time O.76 O.74 O.76 O.75 
( C./min) 
Output per Weight (W/kg) 1OO 1OO 1OO 1OO 
(Kw t/kg C.) O-132 0.134. O.132. O.133 
Highest Temperature (C.) -2.5 -2.7 -2.0 -2.4 
Lowest Temperature ( C.) -6.2 -5.4 -5.9 -5.8 
Temperature Difference (C.) 3.7 2.7 3.9 3.4 

TABLE 2 

State of Sample A 
according to balance power supply system 

O (3) (3) Average 
Initial Temperature (C.) -18.2 -17.5 -18.1 -17.9 
Temperature after Thawing ( C.) -3.7 -3.5 -4.1 -3.8 
Temperature Rise (AT) 14.5 14.O 14.O 14.2 
Thawing Period (min.) 17 16 16 16.3 
Temperature Rise per Unit Time O.85 O.88 O.88 0.87 
( C./min) 
Output per Weight (W/kg) 1OO 1OO 1OO 1OO 
(Kw t/kg C.) O. 117 O.114 O.114 O.115 
Highest Temperature (C.) -3.1 -2.8 -2.8 -2.9 
Lowest Temperature ( C.) -4.5 -4.3 -4.5 -4.4 
Temperature Difference (C.) 1.4 1.5 1.7 1.5 

According to Experiment 1 with respect to the Sample A 
(see Table 1), the initial temperature of the sample A was 
-18.1 C., and according to Experiment 2 with respect to the 
Sample A (see Table 2), the initial temperature of the sample 
A was -17.9° C. The temperature of the sample A rose to 
-4.6 C. after a thawing period of 18 minutes (temperature 
rise, 13.5° C) in Experiment 1, while the temperature of the 
sample A rose to -3.8 C. after a thawing period of 16.3 
minutes (temperature rise, 14.2 C.) in Experiment 2. Tem 
perature rise per unit time (C/min) was 0.75 in Experiment 
1, while 0.87 in Experiment 2. Temperature variation 
(temperature difference in the unit of C.) inside the sample 
A after the thawing was 3.4 C. in Experiment 1, while 1.5 
C. in Experiment 2. 
AS Seen from Tables 1 and 2, it is clear that the Sample A 

is thawed in a short period in a relatively uniform manner. 
Thus, it can be said that the performance of the thawing 
apparatus of the embodiment is Sufficiently Satisfactory for 
the Sample A in practical use. However, it is clear from the 
results of Experiments 1 and 2 that balance power Supply 
System is Superior to unbalance power Supply System in the 
aspects of temperature rise per unit time (unit: C./min) and 
temperature difference inside the sample A (unit: C.). It 
should be noted, however, that unbalance power Supply 
System is more feasible in the aspect of control. 

(2) Results on Sample B (Pork): 
Table 3 shows the result of Experiment 1 in which the 

Sample B (pork) was thawed according to unbalance power 
supply system. Table 4 shows the result of Experiment 2 in 
which the sample B (pork) was thawed according to balance 
power Supply System. 
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TABLE 3 

State of Sample B 
according to unbalance power supply System 

O (2) (3) Average 
Initial Temperature (C.) -19.5 -18.7 -17.9 -18.7 
Temperature after Thawing ( C.) -3.5 -3.3 -3.0 -3.3 
Temperature Rise (AT) 16 15.4 14.9 15.4 
Thawing Period (min.) 18 17 17 17.3 
Temperature Rise per Unit Time O.89 O.91 O.88 O.89 
( C./min) 
Output per Weight (W/kg) 12O 12O 12O 12O 
(Kw t/kg C.) O.135 0.132. O.137 0.135 
Highest Temperature (C.) -1.9 -1.9 -1.8 -1.9 
Lowest Temperature ( C.) -5.1 -4.8 -5.4 -5.1 
Temperature Difference (C.) 3.2 2.9 3.6 3.2 

TABLE 4 

State of Sample B 
according to balance power supply system 

O (2) (3) Average 
Initial Temperature (C.) -17.8 -18.9 -17.5 -18.1 
Temperature after Thawing ( C.) -3.5 -3.3 -3.5 -3.4 
Temperature Rise (AT) 14.3 15.6 14.O 14.6 
Thawing Period (min.) 13 14 14 13.7 
Temperature Rise per Unit Time 1.10 1.11 1.OO 1.07 
( C./min) 
Output per Weight (W/kg) 12O 12O 12O 12O 
(Kw t/kg C.) O.109 O.108 O.120 O112 
Highest Temperature (C.) -2.2 -2.0 -2.5 -2.2 
Lowest Temperature ( C.) -3.5 -3.4 -3.6 -3.5 
Temperature Difference (C.) 1.3 1.4 1.1 1.3 

According to Experiment 1 with respect to the Sample B, 
the initial temperature of the sample B was -18.7 C. (see 
Table 3), and according to Experiment 2 with respect to the 
sample B, the initial temperature of the sample B was -18.1 
C. (see Table 4). The temperature of the sample B rose to 
-3.3°C. after a thawing period of 17.3 minutes (temperature 
rise, 15.4°C.) in Experiment 1, while the temperature of the 
sample B rose to -3.4 C. after a thawing period of 13.7 
minutes (temperature rise, 14.6 C.) in Experiment 2. Tem 
perature rise per unit time (C/min) was 0.89 in Experiment 
1, while 1.07 in Experiment 2. Temperature variation 
(temperature difference in the unit of C.) inside the sample 
B after the thawing was 3.2 C. in Experiment 1, while 1.3 
C. in Experiment 2. 

As seen from Tables 3 and 4, it is clear that the sample B 
is thawed in a short period in a relatively uniform manner. 
Thus, it can be said that the performance of the thawing 
apparatus in the embodiment is Sufficiently Satisfactory for 
the Sample B in practical use, as well as the Sample A. 

(3) Results on Sample C (Poultry): 

Table 5 shows the result of Experiment 1 in which the 
Sample C (poultry) was thawed according to unbalance 
power supply system. Table 6 shows the result of Experi 
ment 2 in which the Sample C (poultry) was thawed accord 
ing to balance power Supply System. 
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TABLE 5 

State of Sample C 
according to unbalance power supply system 

O (3) (3) Average 
Initial Temperature (C.) -17.9 -19.4 -18.0 -18.4 
Temperature after Thawing ( C.) -2.0 -2.5 -2.1 -2.2 
Temperature Rise (AT) 15.9 16.9 15.9 16.2 
Thawing Period (min.) 8.5 9 8.5 8.7 
Temperature Rise per Unit Time 1.87 188 1.87 1.87 
( C./min) 
Output per Weight (W/kg) 250 250 250 250 
(Kw t/kg C.) O.134 0.133 0.134 O134 
Highest Temperature (C.) -0.9 -1.2 -1.1 -1.1 
Lowest Temperature ( C.) -4.6 -4.5 -3.1 -4.1 
Temperature Difference (C.) 3.7 3.3 2.O 3.0 

TABLE 4 

State of Sample C 
according to balance power supply system 

O (3) (3) Average 
Initial Temperature (C.) -17.1 -18.4 -18.7 -18.1 
Temperature after Thawing ( C.) -2.5 -2.1 -2.5 -2.4 
Temperature Rise (AT) 14.6 16.3 16.2 15.7 
Thawing Period (min.) 6.5 7.5 7.0 7.0 
Temperature Rise per Unit Time 2.25 2.17 2.31 2.24 
( C./min) 
Output per Weight (W/kg) 250 250 250 250 
(Kw t/kg C.) O-111 O.115 O.108 O.111 
Highest Temperature (C.) -0.8 -1.3 -1.4 -1.2 
Lowest Temperature ( C.) -1.7 -2.1 -2.5 -2.1 
Temperature Difference (C.) O.9 O.8 1.1 O.9 

According to Experiment 1 with respect to the Sample C, 
the initial temperature of the sample C was -18.4° C. (see 
Table 5), and according to Experiment 2 with respect to the 
Sample C, the initial temperature of the sample C was -18.1 
C. (see Table 6). The temperature of the sample C rose to 
-2.2° C. after a thawing period of 8.7 minutes (temperature 
rise, 16.2°C.) in Experiment 1, while the temperature of the 
sample C rose to -2.4 C. after a thawing period of 7 
minutes (temperature rise, 15.7 C.) in Experiment 2. Tem 
perature rise per unit time (C/min) was 1.87 in Experiment 
1, while 2.24 in Experiment 2. Temperature variation 
(temperature difference in the unit of C.) inside the sample 
C after the thawing was 3 C. in Experiment 1, while 0.9 
C. in Experiment 2. 

Also, as seen from Tables 5 and 6, it is clear that the 
Sample C is thawed in a short period in a relatively uniform 
manner. Thus, it can be said that the performance of the 
thawing apparatus in the embodiment is Sufficiently Satis 
factory for the Sample C in practical use, as well as the 
Samples A and B. 

In this invention, a balance circuit which makes an 
electric field distribution equivalent at the time of positive 
and negative Voltage Supply is employed as a circuitry 
configuration on the loadside including the opposing pair of 
upper and lower electrode, but the invention is not limited to 
the balance circuitry configuration. In the case of a thawing 
apparatus for thawing an article being transported with use 
of a conveyor unit 40, as far as it is designed that a plurality 
of high-frequency power Supply devices are enabled to 
Supply a Voltage of a certain level individually different to 
each other or one another, an unbalance circuitry configu 
ration may be applied in which an electric field distribution 
more or less differs at the time of positive and negative 
Voltage Supply. 
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In the embodiment, three Sets of high-frequency Supply 
devices are used. However, providing at least two sets of 
high-frequency Supply devices makes it possible to accom 
plish the object of this invention. In this embodiment, the 
impedance matching circuits 53, 63, 73 are constructed in 
such a manner that the length of the conductors 57, 67, 77 
each constituting the inductance Section L is greater from 
upstream toward downstream with respect to the transport 
direction of the conveyor unit 40. However, the arrangement 
is not limited to the one in the embodiment. There may be 
an arrangement in which the length of the conductor 77 of 
the last-stage high-frequency power Supply device 7 is 
longer than that of the conductor 57 (67) of the high 
frequency power Supply device 5 (6). 
Exploitation in Industry 
AS described above, according to the high-frequency 

thawing apparatus of this invention, respective high 
frequency powers are Supplied from a plurality of pairs of 
electrodes arrayed apart at a certain interval in the transport 
direction of a conveyor belt carrying an article to be thawed 
to render the article Subject to a high-frequency electric field 
one after another while passing in between each pair of the 
opposing electrodes. AS the article is being carried, the 
article is heated by dielectric loss to thereby proceed the 
thawing. AS the article is being transported on the conveyor 
belt, the thawing is progressed, and accordingly, the dielec 
tric constant of the article rises. The impedance of the load 
(article) varies as the dielectric constant of the article rises. 
Since the present invention adopts the arrangement in which 
the length of the conductor constituting the inductance 
Section of the impedance matching circuit is differentiated 
Stepwise, impedance matching can be accomplished with 
ease. Namely, a group of articles transported in a Series on 
the conveyor belt can be sequentially and uniformly thawed 
with heat by utilizing the high-frequency power Supplied to 
each pair of electrodes in an impedance-matching manner. 

Further, the apparatus is constructed Such that the length 
of the conductor of each high-frequency power Supply 
device is So Set as to be lengthened from upstream toward 
downstream with respect to the transport direction of the 
conveyor belt and hence to increase the inductance of the 
high-frequency power Supply device as the thawing is 
progressed. This arrangement enables to construct the 
remaining parts other than the high-frequency power devices 
of the apparatus with the identical configuration to each 
other, thereby contributing to production cost reduction of 
the apparatus. Further, this arrangement does not necessitate 
a control operation of individually controlling the high 
frequency power Supply devices corresponding to the 
respective pairs of electrodes. 

Setting the distance between the adjacent ones of the 
opposing pairs of electrodes longer than that between the 
opposing pair of electrodes enables to minimize a mutual 
adverse influence due to the high-frequency electric field 
generated in the Space between the opposing pairs of elec 
trodes adjacent to each other. 

Constructing at least one of the opposing pair of elec 
trodes movable up and down enables to optimally adjust the 
distance between the opposing electrode pair or the distance 
between either one of the opposing electrode pair and the 
Surface of the article, thereby making it possible to uni 
formly thaw the article. 

Driving each of the high-frequency power Supply devices 
intermittently allows heat generated in the article during the 
drive period thereof to propagate during a Subsequent pause 
period. Thereby, uniform temperature distribution of the 
article can be accomplished. 
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Changing the time of at least one of the drive period and 

pause period during intermittent driving enables to Supply an 
optimal level of high-frequency power in accordance with a 
thawed Stage of the article, thereby accomplishing more 
uniform thawing of the article. 

Setting the transport speed of the conveyor belt variable 
makes it possible to adjust the thawing period optimally 
depending on the thickneSS and kind of the article. 

Constructing the circuit on the load Side including an 
opposing pair of electrode of each of the high-frequency 
power Supply devices with a balance circuit configuration 
enables to Set the distribution of the high-frequency electric 
field generated in between the opposing electrode pair 
equivalent at TO the time of positive and negative Voltage 
Supply, thereby accomplishing uniform thawing of the 
article with heat. 

Alternatively, constructing the circuit on the load Side 
including an opposing pair of electrodes of each of the 
high-frequency power Supply devices with an unbalance 
circuitry configuration in which either one of the electrodes 
is grounded enables to facilitate Supply of high-frequency 
power in Such a manner that the power is easily balanced 
among the high-voltage electrodes of the high-frequency 
power Supply devices, thereby making the apparatus feasible 
to control. 
What is claimed is: 
1. A high-frequency thawing apparatus comprising: 
a conveyor unit for transporting an article to be thawed in 

a predetermined direction; 
a thawing chamber in which at least part of the conveyor 

unit over which the article is to be transported is 
encased; 

a plurality of opposing pairs of electrodes, each electrode 
pair arrayed Side by Side in the transport direction of the 
conveyor unit apart at a certain interval in the thawing 
chamber; 

a plurality of high-frequency power generating circuits 
provided in correspondence to the plurality of electrode 
pairs to generate a high-frequency field in between each 
pair of the electrodes, and 

a plurality of impedance matching circuits provided 
between the respective high-frequency power generat 
ing circuits and conductors each impedance matching 
circuit including a conductor with an inductance dif 
ferent to each other. 

2. The high-frequency thawing apparatus according to 
claim 1, wherein the length of at least one of the conductors 
provided downstream from the other conductor with respect 
to the transport direction of the conveyor unit is longer than 
that of the other conductor. 

3. The high-frequency thawing apparatus according to 
claim 2, wherein three pairs of the opposing electrodes are 
provided, and the respective conductors corresponding to 
the three pairs of electrodes have different lengths to one 
another. 

4. The high-frequency thawing apparatus according to 
claim 2, wherein three pairs of the opposing electrodes are 
provided, and the length of the conductor corresponding to 
the most downstream-located electrode pair with respect to 
the transport direction of the conveyor unit is set longer than 
that of the other two conductors. 

5. The high-frequency thawing apparatus according to 
claim 1, wherein the opposing electrode pairs are arranged 
Such that the distance between the corresponding electrodes 
of the adjacent electrode pairs is longer than that between the 
opposing electrode pair. 
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6. The high-frequency thawing apparatus according to 
claim 1 further comprising a plurality of elevating units each 
adapted for moving at least one of the corresponding elec 
trode pair up and down. 

7. The high-frequency thawing apparatus according to 
claim 1, wherein the transport Speed of the conveyor unit is 
set variable. 

8. The high-frequency thawing apparatus according to 
claim 1, wherein each of the high-frequency power Supply 
devices is intermittently driven. 

9. The high-frequency thawing apparatus according to 
claim 8, wherein the intermittent driving is So controlled as 

18 
to change at least one of a drive period and a pause period 
for each of the high-frequency power generating circuits. 

10. The high-frequency thawing apparatus according to 
claim 1, wherein a circuit on a load Side where a high 
frequency power is to be Supplied including the opposing 
electrode pair has a balance circuitry configuration. 

11. The high-frequency thawing apparatus according to 
claim 1, wherein a circuit on a load Side where a high 
frequency power is to be Supplied including the opposing 

10 electrode pair has an unbalance circuitry configuration. 
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